EUROPEAN PATENT OFFICE 

F^atent Abstracts of Japan 



PUBLICATION NUMBER 
PUBLICATION DATE 

APPLICATION DATE 
APPLICATION NUMBER 



2002214112 
31-07-02 

15-01-01 
2001006284 



APPLICANT : 
INVENTOR : 
INT.CL. 

TITLE 



FUJI XEROX CO LTD; 

MANABE TSUTOMU; 

G01N 13/12 G01B 7/28 G01B 7/34 
G01B 21/30 G01N 13/16 G12B 21/20 
G12B 21/04 

SCANNING PROBE MICROSCOPE 



I80' 



16a 



16b 



l2o 



V 



26 18c 



100 — " 



14b 

iOb 



"22 24" 



iSb 



'20 



ABSTRACT : PROBLEM TO BE SOLVED: To provide a scanning probe nnlcroscope having a plurality of 
electrically independent probes, capable of operating a micro-material having the size 
below 100 nm, and electric measurement thereof. 

m 

SOLUTION: This scanning probe microscope is characterized by having the electrically 
independent plural probes 10a, 10b or the like, among which two or more probes 10a, 10b 
or the like are nanotube probes and one or more probes 10a, 10b or the like are equipped ^ 
with image observation function. ^ 
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(23(CBv^T{4, micmixX.^tKc^yfy'\ Ta-y' 

S»*3 4 b£7)Si)(ci> , i-yi-^-yyxi-rs o c 

SiiXX/mii^m^^onmiii. ra-7'3dtf*:3 4 b** 
^■^X/j^i'.^^, i>^'.)-C$>'g.^''--)(S\ Cr (/f^lO— 1 

0 0 n iri?iJK ) / A u im^ 5 0 — 5 0 0 n rnlSJg ) <7> 

-mmmif. >-U3>'*>^>^^4>cr)T-$)^>^^>{f. Ti 

( 1 1 0 0 n mUB. .) , - A u ( Jl$ 5 0 - 5 0 
-It . ^coco-h. mme^JJ-cMA $ -lir ^ J: 5 <c , >- 1 - 

1 0 k e V , ^ > m»£*{i: . 1 — 1 0 m A /jm S T ct^ 

a. 

[0 0 4 2] ttz. -hyf-i— 7"7'o— 7"3 0b. 3 0 
c t l-Xli, il@*'5 — 2 0 nmmS, :R$*'0 . 5- 

Lt^. ^fc. /}-7i(yry^:i.—yy'\:t—y3 0h. 3 

0 c c7Dis]5£{4 . m 1 ymmmm^zii v usb^ t /:;:firS i: 

isitttc Lxn ozt ti^x'^ h , 

[004 3] mL<7)Xoi>zvx. ^j^:x.-yrvx-y 

3 0b. 30c A^ll5g$iX7ttt®<7) s E M^i:jt ( fefc^fg 
^: 2 9S0 0f$) ^ll4(C5n-r<. ia4<7:)S EM^».C 

<J^9x^mX'h 0 , $ h Ic^E^rS) (c®t/§ 2 *o 

^Tti^;*'— 5i<>-^yf-j.— T'T'o— 730 b. 3 0cT^j 

[00 44] m».6^{::3*3t L/C, w«23|s:c7)-?-y^ j.- 
yro-7'3 Ob. 30c tc«fi^*4t-S i: . t!*«^:tl 
(Cj; ^ j.-7"7°a — 7'3 0 ta , 3 0 ctimtfz 0 

(^li, L i e b e 1- ioX'hh (Science Vo 
1. 286, p. 214 8-2150. (200 0- 

) m^ii. ^«;'l±<7)it {^mmmiztsifhy'u 
-7'S:Jt(*3 4 b l,zMm) (^-y^v^mfi 5 O O n mMK<73 
i>Oarf1sML/::*\ ^mmmfMzHV^Xii.. lOOnrn 
SJKt7)t0^f^|gLJt. ifc, L i e b e 1- ^^mmz 
io\,^Xl<i. •fpt>hWM^(r>h(^^'^^L fzt.XXh^ . 

immy'ci—ym'&m<7)Tu-7 t ixm^'^hzt^m. 

MLfciiC'iX'ii^^ K 

[0045] 7'o-y^i#(* 3 4 a<?>5t^tll5t$^-i 



S , A F M ffli^) 7''0 - 7''-C\1:) -g> ./ f - J. — 7'7*n — 7" 3 
0 a (4 . ES*' 1—20 ri mMSO-f - y ^ a - yX'h 

7°a-7"{4 , 7"o-7'3£»#: 3 4 a i: ^^ftUtclH)— <7.)i> 
0 , >■ V 3 >'M , t L- < {4 , &fb> U 3 y^^nt 
*J 3 > $r rSi^ffltni Lt:: t° 7 s y f ^(?)7^^ 3 6 * W 

S tTi4Te?ftt^-t'L¥2»mtt-(:\?)-&7"jA6, ;i7J/y> ^ 
l^.y x_g(7;7°C7_7Sr-l;s^:t#'t4SJ].lEfflc7.)7"a-7 t LT 

m<±mi^zi&TLX I t 5 . 

[0046] ^mtmmizti\^^xi,i. vj±ff)X oizix 
'i^hixfzmm.'iii<7)yo-yxh^y^-y:kn{^3 4 
ff>7^3 3 6 <7:)^mz -i-y^f-a.— yyxD—y 3 o a a: n 

omw^w^m^X'h^^ mut. lonmOT^) 
•th^t t)>x% -s. , -/j^fy'hi-y 'f-ji.—yya-y 30 a 

tti^M«**Tq'tgt^€.<. ^rfc. ■^y^jL-7'ra-y3 
0 ac^iii5g{4, 1^ 1 c^mumm^zm^^xsm Ltz-nmt 
nm^zLx 'iio^tti^xhh. 

[0047] tJ.±<7) J; 'J (c L T , -hy jL— 7"7°n-7' 
3 0 a 3&>\ yxD-y^^W. 3 4a iO^gU 3 6 (7)5tJg(C 
lIlJtSft-Ttm^^OSEM^S (ll£:^fg^ : 3 0 0 0 0 

h^-}3^\,z-f-y^:i.—yyu—y 30 aifm/x^t-^h^ 
[0048] Hf-mmrnxzuv^xM^ -hy f-i-7'7°o 

-7-30 a, 3 0b, 3 0c{4, m^6Ufc!*^L/::r. 
-7^-C3^0, Ji^O, ->-y^A-7^7-0-7'3 Oa/Zfiffi 

m^m^mi-h. ttz^ i-y^pL-yyu-y 3 0 a., 

3 0b, 3 0 c cof ^<.T*>\ L ^#SSS^ 

t73M*g2:(i;c^« $^>C -^y^,3.-7-7'a-7-3 0 

b . 3 0 c ^tcme^7!)^tti. c t x\ 4 s:j*ft-r 

[0049] L /c^^o-c, i2i.±cr)t!at^mmmm<^7^ 
mya-ymmm (m^m:hmmm) izxtni. -^yf- 

i - 7'7*D -7-30 a (C i ':) ®||^ * h , y ^ 

i-7'"7°o — 7" 3 0b. 3 0 c j; D l^;W4 4 '3: WIW 
t^Jif^ L/C 0 , 1**4 4 4 M€ Ltz'O^h^ 
tij^X'^h. tfz, -f-y^i-rrn-T's 0atS:m 
^t't£^jl!J5EL'#l.5^T-Oli»H^(S/:-g.i ^ixh 
^"f-tLXmv^X. mut. UmAAcr>Yyy'Jy^9t 
LX<^m^i:m'^-t^:it{>Xh^. ■La:>m^. «M4 

2**$eiiH±-C'j>o-ci-ipii^*fnr«g-c-j)^. t/c, 
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7"n?— y 3 0 a. . 3 0 b , 3 0 c , i6 J; L^^' , y u— 7"3t 
J#f4<3 4 a , 3 4 hmWrn^WMi. ll^f^^ aB^ I fc 

[0051] j.M±, 2r><Dmmmm(r)i^^yri.—r^ 

[00 52] ttz.,W.l O^M?tJII{c*5i>T{i 2o<7.), 
IS 2 crjSJfeSJ.^tc Jo (, -iT {i 3 o<?:) , ■^ y ^ ^ — T'To— 
rS: ffl (, >/i(5i|2:^(f TiJiBJ L T y ^ 

'o-ymUt, 2o^3o(cPI.7t§iL-g. tc7)T'{± 

4oi;JJi-c-^>oTiPa1lia!ii\. §A,{c. 3--ji:jjL 

^ix y ^ i - r 7° o - 7'T-55: Wxtf^ h^j:V^ 

*><tT-{i4'< - :!l'^^< 1) 2-o*>''hy^ jL— 7'"7'a— 7' 

tmmi>Zii \,\X. y f - A - 7 7°D- 7' 3 0 a ^^^^ t 

V J\—m.(?yru--f (-f^j:iofo. 7°D-7'"S:Jtf*3 4 
a) ar7"Q-7'i: LTfflV^/ci><7)t>, *^HJi7)|i*(c-& 
iix. w(7:)JS^T'$)-:.Ti. ^D<?)2*f7)-t-y^jL— 7' 
:7°o— 7"3 Ob. 3 0 c J: - tSitaa^si:f44 4(7)a:m 

[00 5 3]^i-:>, 3o^0-^yf■J.-7'7•o-yS:ffl^,> 

fzmx-hhm2c7mtmwxziiv^xit. -^cr, o ■h<7)2^^ 

c7)-^y f-jL— 7'7°a— 7"3 Ob. 30 c 1 c7)7'a — 7' 
SSf* 3 4 b {c|Sl5t S iXfzm.mfi^^ ^iXXV^h , 3 o 
tLh<07"n-7'Sr*-r-l.%^fc:. ^t5>-f L t, 2o<7^7°o- 

r*i!r^afl^}(cfs^$ixT < t j; < . mKi<zmmm 
[00541 ±ieiSHj t7t*^Bflc7)^:fiM7-o-7'm)jit 

[00 551 

[ mum 1 mT(c , mtm\ ^ mfx -t^^m ^ i o * f* w 
mmmi ) mmmiizti\,^xii, mnz^^m^<r>m 



^myti-ys^Mm ( d - stm ) im^±xfz. f ^ 

Vr^^j-x-:?' 1 6 a, 16b>:L.TW. 3:tritn(cai 
^^fig^-RMJ^cOb-xyS^ 2 0 mm , iSfl3 m 
m : a±-t:5^S y^^Xth^) 2r.mv>;t<. 4/^. 7*u-7' 
.y- 12a. 12 bPeKc . 1S^^Ci^:)t*xVfg^ 26^ 
SJeL , § ^:>(.c. ±mxy'0 > i^>A.^^3i1±f* 1 s c 

ECi 0 . Huie^f ttiiWi; (2ffl//B* i s 0 ' > 7 I- Ltz 

mmx- ex y'»7- 2 6i:mm^^ tiit t l r , iia»^ 
a 2 s ^mm. itz., t ti. w&t^ i s a . i s b i: l 1: 

U>'»fflOM'U^$'fflV^T. -ty^i-7''7°Q-7'l 0 
a , 1 0 1;. c?m9i) Sr J^S^O $ itfc ... 

[ 0 0 5 6 1 rhy ^ j: — 7 7^n-7'l 0 a , 1 0 b t I 
Tti, Efl#^l 2 nmX'^^ 1 . 5 /./riii?:)M WNT<7);f:? 
-.i<>'-:hy^i-7'$rffli/>, ilfSO. 2 5mm, 

1 . 0 mm , ^t^S^'Jft^^S 1 0 0 n m<7):$' y9'X^y 
mWi'' h h 7"0- y^^W- 14a, 14b iOTfeSStCia 
^^LJt.. Ii^*42 4 t LTti. li75'-4<•>-^yf•i- 
7'36»^J^XLf::-^y^ j.-7''J yi^-' ( U >';?'c01l:fS2 0 
nm, ;}^>-^yf•JL— 7'gf^<50iafg3. Oiim) ^ 

[ 0 0 5 7 1 KM 2 2 h y^^A-mmm^'^v^., 

Js^^o, a:^2 2*»iby'-h«:BE^*Ht.S/iy>tc. 
B^-/ 'J =? ( HI* 3 . 5 n m ) /Kft^- '.J 3 ( |^ 
/52 nm) / ( 1 0 0 ) Hm^Sa^B 'J n >'«1S ( n - 
S) /AufflRmffi (flii?2 0 0 nm) tl>'3^«iO^ 

As/JM7r>1i7^.S^::J; 0 1 O's c m-^SS K-7°$ix 

Ofc*^^::, (2%) CT7j<*5K!ig?iia***T 

^c^)KM2 2 2:ffli i. T aX— ^(7) h 
>'.^-'H;i!i[$i|W{i. :e^m;i<5:)^T:gB^B>'- 'J :3 ymt^y 

-f-a.—yyxj—y' 10a. 10b >;COPbTC^tI y— h 

m&i^mmit . im^mzn^^m^^Bi^- vziy 
[00581 iii±coM^m h y^^nmmmx' . w-^yxi 

—yy. LX Oi- yi- a,—yya—y l O b (2nd p 
robe) S-fflV>T#K=KSrff-:.7t, I2|6ti, ^<7}^W: 

mi'AxfzM^m.vy^^^Ammi.wrc'hh., -ttch-h. m 

6 (D^Mli , 1^*42 4 c7)r^yf-i-7■■"J >';^'' (NT r 
i ng) tC, .|gl7'D— 7'■•C•■J)^-^y^i-3'■rD-7• 
10a(lst. probe) *>'^gi£LTV >^«^2: , 
SS2 7°a-7""T-|S^L-;^^t><7;)T-,t)'&. $4.(c, 23^c7)-f- 
y^j.— 7'7''n— 7'1 Oa. 1 0 h$:m^2 4 cni-y i- 
i-7'U>-^'tc«^$-fr^. ^c7)J;9t-r^::i:T\ 
y^A-y 'J >-:7"tcy-:7.||€5>: FI.-< >'mflii:35i^'Be!<i 
^ixfc^iitc^rl.. 

[00591 zmmx-mMm^comMi^j^fz. «m 
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comta ( Vo ) r 0 V- 5 v<?:>m 1 vm^xM^-^ 

5r. KE 1 TH LEYttMxkJ' hn^— ^-6 5 1 4 

14i¥0<7>r7 73?)»/',, |Sf^2 4T'^>|.-^y^A-7''J > 
, 1- 7 >- v'X t!) f^-r S -I t *i;b*» h . lyJbiO J; a 

[' c) 0 6 0] ( mmm 2 > m\im\ 2 (cb >t a . mmm 

1 1 [SI«(c L T , HI 1 (c^-r^«i^^.)^;£Mrn-7lP.(t 

yf-i— y7';>^b^axLfc:^y^i-7''J ( *)yyo) 

ttS5 0 niri, 7)-;if>7-yf-a.— 7'g#:<?)ttf21 2 n 
m) 2:ffll »Ac<. irt:f42 4{±, S1S2 2 LTi^jn^S i 
(111) «1S(C|15eL/c. *1g22Cii. As/Z-f^ 
ymKmz^^l Oi®cm-»mSH-7°$ixTV>^. i 

>t , s i «^s^ffi{i7K*;m^T•5l5^'^l:^!!l^i$i^T^> D , 
[006 1] ^.iiO^^M 1- y^-tvmm%x, w,2 ru 

— ri: LTiO-^- Zf-jL— 7'7°o— 71 0 b ( 2 n d p 
1- o b e ) fflt >Tt?.M«'^ ^^ti:ffh , 1^142 4 t L T 
c7)-^y ^ A— y >';?'-c7)— , ■m 1 7°a- 7i:-J^ ^ + 
7f-j2. — 7'7°n-7"l 0 a^tf^$-ti-|lI5ELfc:<. US 

-g.. -tir/f::)*:* . llSc7)^*{i. ISf42 4c7)-^y^A-7 
'J (NT r i n g ) t , |g 1 rcJ— 7T\t>-2. ■^7 
^A— 7'7°a— 7" lOadst probe) mtM. 
\M%^i\Xy.^hm.=^^ . ll2ro-7-C-ffi^L./ci,0 
Xhh. C:tfOj:';(cLT. ^1 7°a-7T.5-l.^7f-A 

-77'a^7i 0 3.^y-vmmh \^xmm,^^h. 

[00 6 21 S^t2|g27'n-yT'^S-t-y^A-77'' 

n-7" 10b ^msi-i-yf-^—y'v yycof^i^<7>yKi)^h 

S i aiS (»«2 2 ) tiStiJgfet^-y:. 1 5 

JKMdL. 7-/^a-77°o-7'1 Obi:S 

5 y i^m^^"^. v-xmmt ■ti>.mm.2 2 

^ffitcti, ^7f--x-7 i; y9' (i5*:t42 4 ) -h^h^lj I 0 
0 n m mixfii^m. (c A u mffi * f-s^JS^fiS. LXH^. Z ix 

iYv-i ymmt^h. <rc7jj;otcLT. y-7s, y- 

h'U'-^ Mil 2 nm<7)S i h^^i^' 

[0063] zo)mBx-n%mL(r)m-m.^'n-^fc. m% 
'mtmmi.i. mmmi tnmizLx fT->fz. ^^^is-m 

2 4xh^i-y^^-y'j yyt s i mm.t.xmf^^ii 
jv^)V(r>'^mwm^xt>^ . 7i'-7, :»-yK 



7l c7.)iiJ?E^'ffii: L T^-5ra).S->^ t/j'HliET'S'/t. 

[0064] ( mym 3 ) mtm\ 3 v»t {± : h 3 (c 

7i^^fl}it£7)^3l^7"n-7P.fia^ (/l-^HJIjlliSitM ) -'k 
Wi-±.Xfl,. 23^C0+yf-A-7'7"n-7"3 Ob. 3 0 
c -fmi^^ixh 7°c?- 7S:}^f* 3 4 b t LTti. ^«g. 
1 5 0 n maifiyp.*;^ U ^^V-^fz. 
[0 06 5] 22|5:i7)-^yf-j.-7'7°a-73 0b, 3 0 
cfcLTti. Wm!=i\ 5nm. :R$*lJl. l/tmt^)//- 

-^-y^ A-7'V -f A-Srfflv^J'c. 7°a— 7'3fe:f#(*3 4 
a L -Cti , ji®<7)S \ ^(7.) A F M7"o— 7 ( D e g i 
t a 1 I n s t 1- u m e n t s thM) CA u ^l-j 1 0 
0 nmm^^*L7tt>c?)*ffli. >Jt. 7-n-7'S:J#ttc3 4 
ac7.)^?£g5 3 6 <7)7t5ffit::|l?gS.f 1-5. -hy A-77"a- 
73 Oat LTlis ±$1^ 1 2 n rru 5 2 0 n m^') 
i]—ff.y+J^D.—~y'^V?i\,yrc,. 
[0066] Mf44 4 i LTti, ai)-d?>'^y ^ 
A-7';^("53PlL /^-^y^A-7"''J > 7" ( U > rJ-'^Oitt. 
5 0 n 111, >+.>'-*-y^ a— 7■S^^:^0ii:^23 . 0 n 
iTi ) ^mv^fz. mUA. 2 y. LX\t. il$ 3 n mt^jlg^tll 
^mW.^^fz (10 0) M^ISb^hS i S« ( nS) ^ffl 

M»«4 2f)gE-(LI^//mSil5tM(C. iitM4 4^ 

[0067] UJLh^O^^M h y^-Vl- m^T' , m 3 7-d 
— V'y. LTi':)7-y^A— 77'o— 7"3 O a (3rd p 
robe) 2- ffll^^T #11^10-9, gtf44 4 h tXcrj-f- 
y^jL-7'J>^?'Sr1ff^L/::., HlOti. *^*-^t*f^c^) 
tt®^, ( a ) ( c ) /^i:Jii*-jloTS^L/::^ 

M h y^^'i-mmmmxh h . 

[006S]|110 (a) <7)^Mii. 1*^44 4t0^yf- 
j.-7'.J > i?" (NT r i n g ) (C, |g27°U-yT'*) 
|.-:>-y^A— 7'7°n-7'3 0c(2nd probe) 
^ Stf $ -(2-7^-:-1t^.*^t- i> cr)X-h 0 . 7 f - a - 7'7°a 
-73 Ob, 30c mzl,±m.&.t>Wj^'^XV^ti:\,^fzisb. 

m^^tzws.t^j:r>xi6*) . miTu-vxh^-f-y^zL 

-7"rn-73 0 b ( 1 s t p r o b e ) -^y^ 
A-7'iJ y^?' ( NTr i n g ) ^-i^MiX/iP/ftCffia L T 

[0 06 9] ^^04»c®.T'-^y^JL-7■7°a-7'3 0b. 
3 0c mz-mtL^M'f^^Z tX\ 01 0 ( b ) c7)3^Stc: 
^-fj; :^y^J.-7■ro-7'3 0 b ( 1 s t p 
robe) *^^eiA:tr[Sl(C^t6-r-&*»fc*>-C, |g 1 7^a 
-T'dst probe) *Sj:l/m2Tn-7" (2n 
d probe) mrfmt., 7-y ^i-7ij >-i?' (NT 

r i n s ) *:ft^}§-r>|. ZtffiX% . ^<7.-)i: # , 
o - 7 Sr W t cf){,z&m^J:WBt . 1 3 V 11)gT'S> 
fz. 

[0070] ^hi^Z. HI 0 ( c ) Oi^m^Z^^-ti. -J 
IZ. W> 1 ra-7 (1st probe) J;t/|g2 7" 
a-y ( 2 11 d probe) ^Wmz^^-^XtW^^L 
tlZj:'), •fy^j>.-7''.J>'i5^ (NT ring) 2:51^ 
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EPJD L , i-y^ y. — T7'u~ 7"3 0 b . 3 0 c * -ci'i-'C 
Itt^^iiijjgti, Ilififi^iJl >[5Hi(cL -Cff'>?t:... ^(^MM^ 

HI KC^f., lai lc7J«^^^ttl¥fffi«^Ji5'"7 7/j^»5, U. 

[00 7 2] ].U±i^.)J; 'Wc, *||Jfif?iJc7,)7t^srn-7' 
[00 7 3] 

[^BB<7)^m] ijj.±iOj;d(c. ^%mzxmt. m%m 

(C$4i L7^^^Si5jc7)rD-7'Sr*L , 1 0 0 n rri],J.T^^S 

[0ffi<7)^#=5ri$iBfl] 

[Hi] *fiBfl<5:)m 1 <^mimm<r>iiEMtra-rm 

7'Sjtf*:(:iii5g $ ixfzw&t^ vtzi^^m=¥-mm. 

'^uxhh. 

[113] *^BB<7)^2i7;SIM«5«<7)^Sffi7°o-7'^ 
[114 ] m3\^Zii»h 2*iO-:>-y^A— 7'"7°D-7"*> 

ro- y%mmzm'M^ixrz^:^wm L/^.^Mm-? 

[05] H3^c:^:5{t^-^y^J.-:/Ta-7"^&^;<?>'^ 



V > s-SiD 7°n - 7-5^t# mzW^I^ $ ilT^^^it^. 'Sr L tz 

is^%Ff-wi^m%ux'i, h . 
[061 m%m 1 {c », >T , h y^-)vm$mx' 

[07] mmA 1 (c iiv^x. ^iSM I- >• 7- /L-^jsiiT' 

[US] mmm 2 tc v i-c, ^iss 1- >■ nmMmx' 
imm ^ n -> fz , m&m h y ^-'i'mmamx-h h ,.. 
[ H 9 ] mmm 2 tct^ i x , h > ^-./^^lifitM-c' 

mMmmxh7^., 

[ H 1 0 ] mmm 3 tisv >t , m&m v >• ^ytgaiiJiM 

HI 0 (a) -fy-iomi 0 ( c ) ^\.h)ii^jl-oTai]PL 

7t . h y^^)vmmmirc-h h , 
[ la 1 1 ] mm^^z:^^ x . h > ^^/t-Mstsi 
T'M^ . y ^ jL - r 'J >- i^^'co y-xmmts J: t>' k 
u-^ ymmmi^miMME'm^x'h^. 

lOa. 10b, 30a, 30b, 30c -^yf-j.— 
7'ro-7' 

12a, 12b y'd—yn-^iiy— 

14a, 14b, 34a, 34b yu—y'^nt^ 
16 a, 16b, 32 t'a:y T;?f- j.x— 
ISa, ISb, 18c 3¥ttf!|s 

2 0 

22, 42 
24. A A urn 

2 6 Uxy-^^ 

2 8 tmrnw. 

3 6 ^^gg 
38 



[HI ] 



[02] 



180 




--18b- 



--20 
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IV 2V 3v 4V 



100 
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•so 



• -5 ^ir.wjxw^^^^* 



• t 



[114] 




[119] 



[HI 1 ] 
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I 2 a 
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